To further elucidate the nature of the valence state of V ions in vanadate glasses, magnetic susceptibility measurements in the temperature range of 5 to 300 K have been performed on a series of vanadium-strontium-borate (V 2 O 5 ϩSrOϩB 2 O 3 ) oxide glasses with V 2 O 5 concentrations greater than 50 mol %. The magnetic susceptibility for these oxide glasses is found to consist of a temperature-independent paramagnetic contribution arising from V 2 O 5 and a Curie-Weiss temperature-dependent contribution associated with magnetic V 4ϩ ions being present in concentrations between 2% and 10% of the total V concentration. The negative Curie-Weiss temperatures in the range of 0 to Ϫ2.8 K indicate a weak antiferromagnetic interaction between the V 4ϩ ions. These results are consistent with a glass network structure consisting of VO 5 polyhedra in which the V 4ϩ would be predominantly isolated species, and any interactions between the V 4ϩ ions would result from superexchange interactions through V-O-V bonds.
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I. INTRODUCTION
Studies on oxide glasses containing transition-metal ͑TM͒ ions continue to be of interest due to their semiconducting properties that arise from the hopping of unpaired electron͑s͒ between TM ions having two different valence states. [1] [2] [3] [4] Since vanadium can exist in several different oxidation states ͑e.g., V 5ϩ and V 4ϩ ͒, these vanadate glasses can exhibit electrical ͑semiconducting͒ and magnetic ͑superpara-magnetic͒ properties 5 that are of particular technological importance. The present work extends previous studies on the magnetic properties of vanadate glasses [6] [7] [8] [9] by investigating the magnetic properties on a series of V 2 O 5 -SrO-B 2 O 3 glass samples. Magnetic susceptibility ͑͒ measurements in combination with inductively coupled plasma spectroscopy ͑ICP͒ have been used to determine the ratio of different valence states of the V ions in these glasses. In addition, the possibility exists for magnetic interactions between the conjugate ions V 4ϩ (3d 1 ). The extent and nature of this interaction can correspondingly be deduced from parameters associated with the observed Curie-Weiss behavior ͓ ϭC/(TϪ)͔ of these glasses.
II. EXPERIMENT

A. Glass preparation
The glasses were prepared by melting dry mixtures of reagent grade V 2 O 5 , SrO, and B 2 O 3 in alumina crucibles with various batch compositions as shown in Table I . Approximately 30 g of chemicals were thoroughly mixed to obtain homogenized batches. The crucible containing the batch mixture was placed in a furnace, heated at 300°C for 1 h and then transferred to an electrically heated melting furnace maintained at 1100°C. The melt was left for about 3.5 h under atmospheric conditions in the furnace during which the melt was occasionally stirred with an alumina rod. The homogenized melt was then cast onto a stainless steel plate mold to form glass buttons from which smaller pieces were cut for magnetic measurements. The actual compositions of the glasses were determined by ICP and are listed in Table I .
B. Magnetization measurements
The temperature-dependent dc magnetic susceptibility was measured using a Quantum Design SQUID magnetometer ͑model MPMS-5S͒ in a magnetic field of 5000 Oe over a temperature range of 5 to 300 K. The susceptibility of the sample holder is negligible below 100 K for all samples, with less than a 2% correction at the highest temperature for all samples. The overall accuracy of the magnetic measurements is estimated to be approximately 3% due to the uncertainty of the magnetometer calibration.
III. RESULTS AND DISCUSSION
The magnetic susceptibility results for a series of (V 2 O 5 ) x (SrO) 1Ϫx glass samples where xϭ0.8, 0.7, and 0.6 are displayed in Fig. 1 as plots of the inverse magnetic susceptibility, H/M , as a function of the temperature, T. The susceptibility data do not appear to follow a simple CurieWeiss behavior ͓ M /HϭC/(TϪ)͔ as there is a distinct downward curvation in the data over the entire temperature range. After attempting several other fitting possibilities, it was found that the data for each sample could be fitted to a positive temperature-independent constant plus the Curie- Table I for all samples. Note that the magnitude of the temperature-independent term, (M /H) const , is about one order of magnitude smaller than the Curie-Weiss contribution at room temperature. A temperature-independent contribution can be expected to be present in these oxide glasses as the V 5ϩ , V 4ϩ , Sr 2ϩ , B 3ϩ , and O 2Ϫ ions will give rise to a temperatureindependent diamagnetic contribution, while V 2 O 5 gives a temperature-independent paramagnetic contribution on the order of 10 Ϫ4 emu/mol Oe. 10 Since this latter value is an order of magnitude larger than the typical diamagnetic contributions from the core ions, we can expect that the V 2 O 5 paramagnetic contribution will dominate over the response arising from the core diamagnetism of the glass ions. This is in agreement with the experimental evidence of (M /H) const being positive. Since V 5ϩ ions are nonmagnetic, the Curie-Weiss behavior observed in these glasses must be associated with a fraction of the vanadium ions being in another oxidation state, most probably V 4ϩ . X-ray photoemission spectroscopy studies 11 on identical glass samples support this hypothesis as the V 2p spectra show two peaks, one associated with the presence of V 5ϩ ions and a smaller one associated with V 4ϩ . Thus, determinations of the Curie-Weiss parameters in con- ions. Typically the values of are proportional to the strength of the interaction and the number of neighboring magnetic ions. Assuming a glass network structure consisting of mainly VO 5 polyhedra, 8 any interactions between the V 4ϩ ions result from superexchange interactions through V-O-V bonds. Owing to the low content of V 4ϩ ions in these vanadate glasses, V 4ϩ would exist predominantly as isolated species in these concentrated vanadate glasses with a limited number of V 4ϩ -O-V 4ϩ bonds being present. In conclusion, magnetic susceptibility measurements in the temperature range of 5 to 300 K have been performed on a series of strontium-borate-vanadate (V 2 O 5 ϩSrO ϩB 2 O 3 ) glasses to elucidate the nature of the valence state of the V ions. The magnetic susceptibility was found to consist of a temperature-independent paramagnetic contribution arising from V 2 O 5 and a Curie-Weiss temperaturedependent contribution associated with magnetic V 4ϩ ions being present in concentrations between 2% and 10% of the total V concentration. The negative Curie-Weiss temperature values in the range of 0 to Ϫ2.8 K indicated a weak antiferromagnetic interaction between the V 4ϩ ions.
